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(Abstract)
Use of new radiative opacities based on the hot Thomas-Fermi model of
the atom yields a predicted solar neutrino flux which is still considerably
larger than the flux observed in Davis's 3 7 CI experiment.
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2The solar neutrino problem is still with us. However, it is well known
that the predicted neutrino flux from the sun is sensitive to the radiative opacity,
and one obvious desideratum is "definitive" opacities or, in lieu of that, reliable
upper and lower limits to the opacity. Carson (Carson and Hollingsworth 1968;
Carson et al. 1968) has pointed out that opacities based on the Thomas-Fermi and
hydrogenic models of the atom, respectively, may serve as the desired upper and
lower limits. It is found that solar models constructed with opacities obtained by
applying scaling factors derived from the original Thomas-Fermi opacities of
Carson et al. (1968) predict large neutrino fluxes (Stothers and Ezer 1973), while
models built with hydrogenic opacities (notably those of Cox and Stewart 1965, with
ntmerous subsequent modifications) predict neutrino fiuxes (e, go Ezer and
Cameron 1971; Bahcall et al. 1973) that are still at least five times larger than
the upper limit measured in the most recent 37C1 experiment of Davis (1972 and
private communication).
It seems to be of the greatest urgency to refine the computations of opacity
based on the hot Thomas-Fermi atomic model, and this has recently been done by
Carson (1973). The numerous improvements over the 1968 opacities will be des-
cribed elsewhere, but we merely note here that hydrogen and heliun are treated
'!exactly", i. e., with the help of accurate theoretical and experimental data;
autoionization is justifiably \,erts and Magee 1972) neglected; electron-correlation
and plasma dispersion effects are included; the Thomas-Fermi electron.degeneracy
3parameter is the same for all atoms in the mixture, and the calculation of the
electron occupation numbers ensures charge neutrality; and electron conduction
is calculated by means of the Hubbard and Lampe (1969) code. The relative
abundances of the metals have been taken from Cameron's (1973) recent compil-
ation. The resulting opacities for solar conditions are found to be much closer to
the hydrogenic opacities of Cox and Stewart (1965) than to the earlier Thomas-
Fermi opacities when the same chemical composition is used for all three sets.
However, all the opacities are sensitive to the adopted relative abundances of the
metals, which differ in the various opacity tables actually used by constructors
of solar models. This fact introduces an external source of error in all opacities.
In the present work, we have used the new Thomas-Fermi opacities to con-
struct an evolutionary sequence of models for 1 MI up to the present sun (whose
age is assumed to be 4. 5 x 109 yr.). Otherwise, the input physics is the same
as in our previous work (Ezer and Cameron 1971; Stothers and Ezer 1973); in
particular, the nuclear cross-sections are those of Bahcall et al. (1969), although
we have here and elsewhere ignored the p reaction. As before, we calculate
the hydrogen abundance (X) and ratio of convective mixing length to pressure
scale height (a) that yield the presently observed luminosity and radius of the
sun, for two values of subphotospheric metals abundance (Z).
The predicted neutrino fluxes are contained in Table 1. For comparison
with our earlier work, the collected results for the predicted neutrino capture
4rates at the earth are given in Table 2 (the unit is 1 SNU = 10-36 captures per
second per target 37Cl atom). The neutrino capture rates have been derived by
multiplying the neutrino fluxes 0i by the total capture cross-sections a. (Bahcall
and Sears 1972) and summing the products.
From Table 2 we find that the newly calculated Thomas-Fermi opacities
yield predicted neutrino capture rates rather close to those yielded by the
hydrogenic opacities, as was to be expected from our discussion above. The
most recent hydrogenic opacities computed by the Los Alamos group for
Z = 0. 02 predict ( 0a) = 4. 8 - 5. 6 SNU (Bahcall et al. 1973), a result
rather similar to ours for Z = 0. 015. Even the drastic assumption that Z = 0
(or some very small value) below the photosphere yields a predicted neutrino
capture rate about twice as large as Davis's current upper limit of 1 SNU,
although Bahcall et al. (1973) obtained E (¢cx) = 1.4 SNU for Z = 0. 002.
We conclude that further improvements in the calculation of radiative
opacities for solar conditions are unlikely to resolve the discrepancy with
Davis's experimental results, if, as seems likely, the current hydrogenic and
Thomas-Fermi opacities are reliable lower and upper limits to the "true"
opacity.
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TABLE 1
s (c sec -1) at the earth
K a.;-: i is bascd on the new Carson 
opacities
Case Normal metals 
No metals
X 0.735 0.883
Z 0.015 0.000
2.0 <0.1
X 0.45 0.59
T (106 i, 15.4 14.2
m- 3 137 121
log 10(p' . 80 10.82
log 0 ( 9. 54 
9.11
log 0 6. 79 
5. 98
log 0(1 8. 61
log ( 8.53
TABLE 2
Predicted rates of capture of solar neutrinos at the earth
Solar radiative opacities Z c (Oa) (SNU) 7 (Oc) (SNU) Ref.
all all but B
Modified Cox-Stewart 0. 015 6.4 1.2 1
Carson 0.015 9. 8 1.4 3
iocified Cox-Stewart 0. 00 1. 9 . 4 2
Carson 0. 000 1.7 0. 4 3
References: (1) Ezer and Cameron (1971); (2) Stothers and Ezer (1973);
(3) present paper.
